We describe observations of the isoamylase nature of the amylase released by acid from partially purified macroamylase complexes that are dissociable under acid conditions. The released isoamylases displayed the ch romatographic characteristics previously found in the pancreatic type (P-type) and salivary type (S-type) of amylases in human serum and urine. The proportions of S-and P-types released from 30 macroamylase complexes varied over a much wider range than those proportions found in 27 normal sera. Of particular note was the relatively large number of cases in which there was a marked preponderance of S-type in the released amylase. These data testify further to the varied nature of cases of macroamylasemia, and contribute additionally to their systematic classification. 
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Materia's and Methods Samples
Sera from 34 patients shown to have macroamylasemia were examined.
These samples had been stored at -20 #{176}C for periods ranging from a few days to four years. second 5-mi aiiquot of acid buffer and reconcentrate again to a volume of about 5 ml. Pass this acidified macroamylase solution through a column (2.5 X 33 cm) containing Sephadex G100 at room temperature, equilibrated and eluted with the acid buffer. Collect 5-mi fractions into tubes, each containing 5 ml of a mixture of (per liter) 100 mmol of Tris (pH 7.1), 17 g of NaC1, and 0.4 g of sodium azide. Assay each fraction for amylase activity (9) and protein content.
The areas under each of the amyiase peaks on the plots prepared from the data obtained were measured. Degrees of dissociation of the macroamylase (listed in Table 1 ) were expressed as the percentage of the total amylase represented by the newly-formed amylase of ordinary molecular weight. Fractions with normal molecular weight amyiase were pooled and concentrated and then the isoamylase pattern of the acid-released amylase was analyzed, by the procedure described by us in a previous report (10) .
Urinary isoamylase patterns.
The isoamylase patterns in urine of the macroamylasemia patients were analyzed by following the same procedure (10) .
Study of effect of acid treatment on isoamylase pattern
of normal serum. Assessment of the effect of buffer at pH 3.4 was made by carrying out three isoamylase analyses of normal serum from one subject as follows: (a) The isoamylase pattern of 10 ml of that normal serum was analyzed according to the method previously described (10) . (b) A second isoamylase pattern analysis was then similarly carried out, except that the first step was passage of 5 ml of the serum through Sephadex G200 (2.5 X 33 cm) instead of G100 Superfine (5.0 X 11 cm). The fractions containing the amylase of normal molecular weight were analyzed for isoamylase pattern (10) . (c) A third analysis of isoamylase pattern was carried "C = Complete; P = Partial.
out to test the effect of acid chromatography on amylase mixed with serum proteins. We wanted to determine if the isoamylase pattern was affected by the acid conditions. Two 5-mi aliquots of the serum were passed through Sephadex G200 in succession. The normal protein fractions (that would accompany macroamylase in chromatography of macroamylasemic serum) plus the fractions containing the normal serum amylase were each separately recovered, then mixed together and concentrated to about 10 ml. This mixture was then acidified to pH 3.4 and passed in two portions of about 5 ml each through Sephadex G100 at pH 3.4. The resulting fractions were neutralized and the amylase was analyzed for its isoamylase pattern (10) .
Results

Acid-dissociability of macroamylase.
Of the 34 sera tested, four were found not to be appreciably dissociated at pH 3. degrees (Table 1) . In case 19, the comparative study of a fresh sample (drawn a few days before the study) and a sample of serum stored for 3.5 years indicated that prolonged storage did not alter the elution position of macroamylase, its response to acidification, or the isozyme pattern of the amylase released by acid. In the older frozen sample, acid dissociability of the macroamylase was 78%, as compared with 76% in the newer frozen sample. Similarly, the percentage of S-type in the released amylase was 96% in the older sample and 93% in the later sample ( Table 1) .
The data in Table 1 are arranged in decreasing order of percentage dissociability.
With few discrepancies, they generally confirm the conclusions inferred from results previously obtained (11) by using acid chromatography of whole serum rather than the macroamylase fractions, and by using only 1 ml of serum rather than 5 ml as in the present study. Three cases found by our present method of study to be less than 90% dissociable (case 5, 81% dissociated; case 19, 77% dissociated; and case 14, 72% dissociated) were considered to have been completely dissociated in the earlier report (11) . Six of nine sera found in this study to be less than 90% dissociated had earlier been classified as partially dissociable.
Results of isoamylase analysis of acid-releasable amylase are also given in Table 1 . These are expressed as the percentage of salivary type (S-type) in the released amylase, a convenient way to describe the character of these isoamylase patterns.
The remaining amylase exhibited mobility similar to that of the pancreatic type (P-type). The percentage of S-type was highly variable. There appeared to be no clear relationship between either the nature of the released amylase or the degree of dissociability of the macroamylase. There appeared to be no sex-related effect on any of the characteristics measured. In Figure 2 , % S-type in the acid-releasable amylase of 30 macroamyiases is compared with % S-type in the serum amylase of 27 normal subjects previously studied (10) . In the normals, S-type ranged from 44% to 73%. By contrast, from only eight of the 29 macroamylases were amylases released that had isoamylase patterns (41% to 72% S-type) resembling the range in the normal group. The % S-type was much lower than the range in normals in two cases (28% and 11%), while it was substantially higher in 20 cases (80% to 100%). In eight of these cases it was 95% or higher.
Change of chromatographic medium to G200 from G100 or acid treatment did not significantly change the isoamylase pattern of amylase obtained from normal serum. The three isoamylase patterns of the normal serum sample studied under these several conditions showed the following S-type percentages: 
Discussion
Most of the macroamylases we have tested are appreciably dissociated at pH 3.4. This dissociation yields amylase of ordinary molecular weight as well as a fraction of higher molecular weight that may bind added amylase (6, 12, 16) .
The more or less identical findings with respect to acid dissociability and pattern of released amylase in fresh and stored serum in case 19 provide further evidence that the macroamylase may persist both in vivo and in vitro for years with no significant changes in the characteristics we described. Unlike the studies of acid dissociability of whole macroamylasemic serum previously reported by us (11) , the present data were obtained by acid chromatography of macroamylase complexes free of normal amylase. They thus more unequivocally establish the dissociation of the macroamylase complex in acid medium.
The macroamylases that were only partially dissociated by acidification may represent a mixture of acid-dissociable and nondissociabie complexes.
Case 25 deserves special mention. Although all of the acid-releasable amylase was of the S-type, only 48% of the macroamylase was acid-dissociable. The remaining macroamylase may have contained both S-and P-types, or amylase with other characteristics.
Macroamylases tend to be dissociated as they pass through dextran gel (7, 13) . This tendency is minimized with increasing sample volume (13, 14) . The interactions between various forms of amylase and dextran gel are apparently paralleled by similar interactions between amylases and polyacrylamide gel. Thus, dissociation of macroamylase (5) and retardation of human parotid amylase (15) have been noted to occur on polyacrylamide gel. A sample volume of 5 ml of serum was chosen in consideration of these factors. Moreover, it is about as range a sample as can be accommodated on a column of the dimensions we have been using without undermining the chromatographic resolution. The percentages of S-type in the amylase released by acidification from the 30 macroamylase complexes varied over a wide range (11% to 100%). This sharply contrasted with the much narrower range (44 to 73%) of % S-type found in 27 normal sera. The most striking element in the comparison with normal serum isoamylase patterns is the large proportion of macroamylases that release amylases with very high percentages of S-type. To explain these variances from the patterns found in normal serum, two speculative possibilities may be advanced: (a) the proportion of S-and P-type amylases may merely reflect the fact that the proportion of these isoamylase types in the serum of these patients was unusual for some reason. For example, in a previously reported case (2), the acid-releasable amylase of a macroamylasemic patient displayed an isoamylase pattern that reflected her clinical state during acute pancreatitis; a very different pattern was seen after recovery. (b) The unusual proportions may result from a specific property of the binding substance (s) in these macroamylase complexes. Each may have greater affinity for one or the other of the two isoamylase types. The question arises, are the isoamylase patterns in acid-released amylase controlled by the proportions of the free circulating isoamylase mixture or by the properties of the binding substances? Investigations into these possibilities are the subject of the following report (16) .
Whatever the answers are, the data in this report illustrate another fundamentally important feature by which cases of macroamylasemia can be defined for purposes of classification.
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